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INTRODUCTION 
An  awareness f o r  p a r t i c l e  s eg rega t ions  i n  material  handl ing  equipment i s  usua l ly  

t h e  r e s u l t  of nega t ive  exper iences .  
is moving through b i n s ,  f eede r s ,  s t o c k p i l e s ,  etc. ,  gene ra l ly  l e a d s  t o  f r u s t r a t i o n .  
Three f a c t o r s  de te rmine  t h e  e x t e n t  of p a r t i c l e  s eg rega t ion  i n  these  s i t u a t i o n s ,  

Prevent ing  demixing of a ganular composite which 

- t h e  phys ica l  conf igu ra t ion  of t h e  material handl ing  equipment, 
- t h e  f o r c e s  which convey t h e  p a r t i c l e s  through t h a t  equipment, 
- and t h e  d i f f e r e n c e s  between t h e  p a r t i c l e s  i n  one o r  more of t h e i r  phys ica l  

p r o p e r t i e s  ( s i z e ,  shape, bu lk  d e n s i t y ,  r e s i l i e n c y  and su r face  roughness). 
The fo l lowing  desc r ibed  equipment, s p e c i f i c a l l y  designed as a sepa ra to r  f o r  dry par- 
t i c u l a t e s  combines t h e  above f a c t o r s  t o  e x p l o i t  t h i s  i nhe ren t  segrega t ion  wi th in  
movifig p a r t i c l e  beds.  

EQUIPMENT DESCRIPTION 

through the  u n i t  i l l u s t r a t i n g  t h e  p a r t i c l e  bed. The d r i v e  u n i t  f o r  t h e  t a b l e  i s  an 
electro-mechanical e x c i t e r  of t h e  type  used f o r  v i b r a t i n g  f eede r s .  I n  f a c t ,  t h i s  
f e c e g t l y  developed c o a l  c l ean ing  u n i t  i s  a f eede r ,  b u t  w i th  t h e  fo l lowing  des ign  
dPfferences .  

F igu re  1 c o n t a i n s  a pe r spec t ive  drawing of t h e  Dry Table and a cross -sec t ion  

- The deck s u r f a c e  i s  s h o r t  b u t  very  wide.  - The c o a l  i s  i n s e r t e d  a t  one  s i d e  of t h e  f e e d e r ' s  deck. - 
- - 

The conveying f o r c e  is reve r sed ,  i t  f e e d s  t h e  material i n t o  i t s  backwall. 
The p a r t i c l e  bed ' s  n e t  f low is from one  s i d e  of t h e  f e e d e r  t o  t h e  o the r  s ide .  
The deck is non-symmetrical about t h e  v e r t i c a l  p l ane  pass ing  through its 
cen te r  of g r a v i t y  and t h e  e x c i t e r ' s  l i n e  of d r i v e .  

Coal i s  f ed  o n t o  t h e  longes t  s i d e  of t h e  u n i t  and t h e  conveying f o r c e  from t h e  
d r i v e  moves t h e  p a r t i c l e s  towards t h e  backwall .  A l a r g e  p i l e  of p a r t i c l e s  forms 
a g a i n s t  t he  backwal l ,  f i l l i n g  t h e  entire trough. Gravi ty  moves t h e  p a r t i c l e s  on 
t h e  p i l e ' s  s u r f a c e  down t h e  open s l o p e  as t h e  conveying f o r c e  cont inues  t o  d r i v e  
t h e  under ly ing  material a g a i n s t  t h e  backwall. The r e s u l t  is t h e  continuous over- 
t u rn ing  of t h e  bed. The pres su re  of t h e  incoming feed  f o r c e s  t h e  over turn ing  bed 
t o  flow ac ross  t h e  deck away from t h e  feed  s i d e  i n  a 
t h e  deck ' s  l e n g t h  d imin i shes  ( t ape r s )  i n  t h i s  d i r e c t i o n ,  t h e  t o e  o f  p i l e  is be ing  
cont inuous ly  d ischarged .  Simultaneously,  s i z e  and bulk  d e n s i t y  sepa ra t ions  are 
occur r ing  i n  t h e  ove r tu rn ing  bed. The l a r g e  or low d e n s i t y  p a r t i c l e s  move i n t o  a 
s p i r a l l i n g  pa th  t h a t  mig ra t e s  towards t h e  t o e  of t h e  p i l e ,  Sec t ion  A-A of F igure  1, 
whereas the  small o r  h igh  d e n s i t y  p a r t i c l e s  move i n t o  a smaller s p i r a l  and concen- 
trate towards t h e  backwall .  
c o a l ,  advance p a s t  t h e  l a r g e  and h i g h  d e n s i t y  p a r t i c l e s ,  rock and p y r i t e ,  and pre- 
va i l  i n  ob ta in ing  p o s i t i o n s  a t  t h e  t o e  of t h e  p i l e .  
w i l l  concen t r a t e  a t  t h e  backwall  i n  preference  t o  small p a r t i c l e s  of coa l .  

series of s taggered  p a r t i c l e  s i z e  g rada t ions  o f  d i f f e r e n t  d e n s i t i e s .  
over lapping  of t h e  s i z e  g rada t ions  of t h e  rock  and p y r i t e  wi th  t h e  coa l ,  t h e  feed t o  
t h e  u n i t  is p res i zed  t o  d e f i n i t e  s i z e  ranges.  
a r a t i o n ,  t h e  u s u a l  top  s i z e  t o  bottom s i z e  of t h e  feed  p a r t i c l e s  i n  any one pass is 
a 4 t o  1 r a t i o  
c o n t r o l l i n g  t h i s  r a t i o .  

s lop ing  su r face  r e f e r r e d  t o  as t h e  "discharge l i p" .  Th i s  " l ip"  can make f u r t h e r  
s epa ra t ions  based on p a r t i c l e  shape, r e s i l i e n c y  and s u r f a c e  roughness i f  des i r ed .  
The shape  sepa ra t ion  is based on t h e  cub ica l  c o a l  p a r t i c l e s  be ing  uns t ab le  on t h e  
"d ischarge  l i p "  and t h e  nea r  t a b u l a r  rock  and p y r i t e  p a r t i c l e s  be ing  s t a b l e  when 
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h e l i c a l  motion. And because 

Those p a r t i c l e s  t h a t  are bo th  l a r g e  and of low dens i ty ,  

Also s m a l l  p a r t i c l e s  of p y r i t e  

The o v e r a l l  r e s u l t i n g  d i scha rge  from t h e  h o r i z o n t a l  deck po r t ion  of t h e  u n i t  is a 
To avoid t h i s  

For t h e  c o a l ,  rock  and p y r i t e  sep- 

(8" x 2", 2" x 1/2", e t c . ) ,  t h e  rock-coal s i z e  g rada t ions  are usua l ly  

The p a r t i c l e s  d i s c h a r g e  from t h e  nea r ly  h o r i z o n t a l  deck onto  an a t t ached  downward 



t h e  u n i t  is v i b r a t i n g .  The uns t ab le  c o a l  w i l l  t hus  be  discharged by r o l l i n g  o f f  t h e  
" l i p "  while t h e  t a b u l a r  rock and p y r i t e  a r e  conveyed back up t h e  l i p  i n t o  t h e  p i l e .  
The su r face  roughness of t h e  highly mineralized p a r t i c l e s  is g r e a t e r  than t h a t  f o r  
t h e  c l ean  c o a l  p a r t i c l e s .  
p y r i t e  back i n t o  t h e  deep p a r t i c l e  bed; whereas, t h e  s l i c k  c o a l  t ends  t o  s l i p  Off 
t h e  " l ip" .  
p a r t i c l e s .  
bounce and a s s u r e  t h e i r  u n s t a b i l i t y  on t h e  "discharge l i p" .  

t a b l e  i n  t h a t  it is a g rada t ion  from a c l e a n  coa l  product through mineral ized par- 
ticles t o  p y r i t e  a long t h e  d i scha rge  edge. This dry method of s epa ra t ion  i s  func- 
t i o n a l  over a broad span of p a r t i c l e  s i z e s .  
s i z e  p a r t i c l e s  i s  t h e  formation of p a r t i c l e  agglomerations due t o  e l e c t r o s t a t i c  
charges  or surface moisture.  
imum s i z e  p a r t i c l e s .  

The ma jo r i ty  of t h e  Dry Table experience i s  i n  t h e  r educ t ion  of t h e  a sh  con ten t  
of coals .  However, t h e r e  has  been a r ecen t  i nc rease  of i n q u i r i e s  i n t o  t h e  use  of 
t h e  Dry Table a s  a method f o r  s u l f u r  reduct ion.  

EXPERIMENTAL SECTION 
Runs were made wi th  t h e  fol lowing descr ibed samples by passing them through t h e  

12" l a b  u n i t  or t h e  8 '  p i l o t  p l a n t  u n i t  Dry Table i n  one pass  and c o l l e c t i n g  t h e  
discharge a s  mul t ip l e  products.  I n  Figure 1, an eleven product d i scha rge  i s  shown, 
"A" through "K", where t h e  d i scha rges  a r e  of equal  increments spaced along t h e  
"discharge l i p" .  
BTU con ten t ,  following t h e  accepted ASTM methods D-271 and D-2492. 
r e s u l t s  were used t o  cons t ruc t  t h e  d i s t r i b u t i o n  curves shown i n  t h e  graph. The 
c o a l  samples used a r e  a cleaned New Mexico Bituminous Coal and a raw Arizona 
Subbituminous Coal. 
on t h e  Dry Tables.  

RESULTS 

Table Discharge Di s t r ibu t ion" .  
po r t ions  of t h e  graph r e p r e s e n t s  t h e  discharge from t h e  Dry Table a s  t h e  e l even  
discharge products.  
a percentage of t he  o r i g i n a l  feed f o r  hea t ing  content  (BTU), a sh  and p y r i t e .  
c l ean  c o a l  product is t h e  accumulation of d i scha rge  products  s t a r t i n g  a t  t h e  f a r  
l e f t  (percentage on l e f t  v e r t i c a l  a x i s )  and t h e  r e j e c t  s t a r t s  on t h e  f a r  r i g h t  
( r i g h t  v e r t i c a l  a x i s ) .  The d a t a  po in t s  p l o t t e d  on t h e  graph a r e  f o r  a run which 
had an e i g h t  product discharge.  
are p l o t t e d  f o r  Product and Reject  which shows t h e  d i s t r i b u t i o n  f o r  t h e  p y r i t i c  
s u l f u r  a s  pounds per  m i l l i o n  BTUs. 

This  a d d i t i o n a l  roughness a i d s  i n  conveying t h e  rock and 

Generally,  t h e  r e s i l i e n c y  of t h e  c o a l  i s  g r e a t e r  than t h a t  of t h e  r o c k  
The conveying v i b r a t i o n s  causes  the  more r e s i l i e n t  c o a l  p a r t i c l e s  t o  

The Dry Table has a d i scha rge  s i m i l a r  i n  cha rac t e r  t o  t h a t  of a w e t  concen t r a t ion  

The l i m i t i n g  f a c t o r  f o r  t h e  minimum 

No l i m i t i n g  f a c t o r  has  been encountered f o r  t h e  &x- 
The p resen t  p r a c t i c a l  range i n  c o a l  p repa ra t ion  i s  1/8" t o  8". 

Each discharge product was analyzed f o r  a sh ,  p y r i t i c  s u l f u r  and 
The a n a l y t i c a l  

Both samples w e r e  screened t o  a 4 : l  s i z e  range p r i o r  t o  running 

The d a t a  f o r  t h e  Bituminous and Subbituminous examples a r e  shown i n  Graph I, "Dry 
The ho r i zon ta l  a x i s  f o r  both t h e  upper and lower 

I n  t h e  upper po r t ion ,  t h e  v e r t i c a l  a x i s  g ives  t h e  recovery a s  
The 

In  t h e  lower po r t ion  of the graph, s e p a r a t e  cu rves  

The composition of  t h e  f eeds  a r e :  

Bituminous Subbituminous 
BTU/lb 13,460 8,060 
Ash, % 1 0 . 1  25.8 
P y r i t i c  Su l fu r ,  % 0.44 0.19 

DISCUSSION 

being cleaned.  
more s e n s i t i v e  because i t  uses  a s  many a s  f i v e  of t h e  p a r t i c l e s '  phys i ca l  prop- 
e r t i e s  f o r  s epa ra t ion  r a t h e r  than j u s t  t h e  d e n s i t y  a lone.  
s epa ra t ion  i s  t h e  degree t o  which t h e  major c o n s t i t u e n t s  of t h e  raw c o a l  (c lean 
coa l ,  rock and p y r i t e )  a r e  l i b e r a t e d ,  one from t h e  o the r .  The performance of t h e  
Dry Table  is based on t h e  p r o b a b i l i t y  of p a r t i c l e  movements. Therefore ,  t h e  pro- 
po r t ion  of mineral ized p a r t i c l e s  removed i s  cons t an t  f o r  any s p e c i f i c  c o a l  feed 
over a wide range of compositions.  

As wi th  a l l  coal  c l ean ing  equipment, t h e  performance i s  a f u n c t i o n  of the c o a l  
The Dry Table i s  no except ion t o  t h i s  and can even be considered 

A l s o  a f f e c t i n g  t h e  
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The p y r i t e  i n  t h e  t w o  examples s e l e c t e d  f o r  t h i s  d i scuss ion  is un l ibe ra t ed  and 
of r e l a t i v e l y  low concen t r a t ion .  The l e t t e r e d  d i scha rge  products  "A" through "K". 
a r e  d i v i s i o n s  of t h e  Dry Tab le ' s  discharge a r b i t r a r i l y  se l ec t ed  f o r  a n a l y t i c a l  and 
d i scuss ion  purposes.  The l a r g e  number of product d i v i s i o n s ,  o r  t h e i r  s p e c i f i c  
boundaries need not  be used i n  a c t u a l  c o a l  c l ean ing  app l i ca t ions .  

t o  t h e  Dry Table  was t h e  p r e s i z i n g  i n t o  4 : l  s i z e  ranges.  
t r i b u t i o n  cu rves ,  upper  Graph 1, show t h a t  i n  t h i s  t h r e e  component system, clean 
c o a l  (BTU) - rock (ash) - p y r i t e ,  t h e  major s epa ra t ion  i s  between t h e  c l ean  coa l  
and t h e  rock. 
t h e  more dense p y r i t e ,  which f u r t h e r  demonstrates t h a t  t h e  p y r i t e  is n o t  l i b e r a t e d .  
There a r e  t h r e e  zonal  t ypes  of d i scha rge  from t h e  Dry Table with t h i s  coa l .  I n  t h e  
f i r s t  zone, product d i scha rges  "A" and "B", t h e  c o a l  con ta ins  low ash and has  t h e  
p y r i t e  mainly a s s o c i a t e d  w i t h  t h e  coa l .  I n  t h e  second zone, product discharges 
"C" through "G", t h e  c o a l  con ta ins  low p y r i t e  and a sh  bu t  t h e  p y r i t e  is a s s o c i a t e d  
with t h e  ash.  
con ta ins  a c o a l  and rock mixture  where t h e  p y r i t e  is as soc ia t ed  wi th  both coal  and 
rock a t  higher  concen t r a t ions .  

Se lec t ing  d i scha rges  "A" through "I" a s  a c l ean  coal. product,  "J" and "K" a s  re- 
ject ,  gives  a 90% recovery of t h e  c o a l ' s  p o t e n t i a l  hea t ing  con ten t ,  and removals o f  
74% of the  a s h  and 50% of t h e  p y r i t e .  
a r e :  

Subbituminous coa l .  The on ly  p repa ra t ion  t h i s  c o a l  received p r i o r  t o  being fed 
The sequence of t h e  d i s -  

The py r i t e - a sh  sepa ra t ion  is reversed t o  what would be expected f o r  

I n  t h e  t h i r d  zone, product d i shca rges  "H" through "K", t h e  d i scha rge  

The compositions of t h e  Product and Reject  

Product Reject  
Yield,  % 72 28 
BTU/lb 10,360 2,160 
Ash, % 10.8 64.1 
P y r i t i c  S u l f u r ,  % 0.13 0.32 

With t h e  discharge s p l i t  i n t o  j u s t  a c l ean  c o a l  product and a r e j c t ,  t h e  w e l l  known 
compromise must be made between recovering a s  much c l e a n  c o a l  a s  p o s s i b l e  while  re- 
j e c t i n g  most of t h e  rock and p y r i t e .  With t h e  Dry Table ,  however, it is  p o s s i b l e  
t o  have a s  many p roduc t s  as found t o  be reasonable.  Therefore,  one could s e l e c t  
t h e  zone of low ash con ten t  "A" through "G" a s  t h e  c l e a n  c o a l  product and "H" 
through "J" f o r  r e t r ea tmen t  where t h e r e  i s  a mixture of both rock and c o a l  and "K" 
a s  t h e  r e j e c t  which e s s e n t i a l l y  con ta ins  no usable  hea t .  

Product Retreatment Re jec t  
Yield,  % 47 37 16 
BTU/lb 11,260 7,390 0 
A s h ,  % 4.7 30.0 78 
P y r i t i c  s u l f u r ,  % 0.08 0.27 0.29 

Both the c l e a n  c o a l  "product" and t h e  " r e j ec t "  a r e  d e s i r a b l e  i n  t h i s  arrangement 
and its success  depends upon t h e  cha rac t e r  of t he  "retreatment" discharge.  In t h i s  
p a r t i c u l a r  c a s e  t h e  "retreatment"  i s  a mixture of c l e a n  coa land  l i b e r a t e d  rock wi th  
a small amount of middlings.  
u n i t  o r  s e n t  t o  ano the r  u n i t  f o r  a second pass .  

t h e r e  i s  e s s e n t i a l l y  no l i b e r a t e d  p y r i t e  o r  rock p resen t .  The sequence of t h e  
curves shows t h a t  t h e  u n l i b e r a t e d  p y r i t e  is unevenly d i s t r i b u t e d  among t h e  coal  
p a r t i c l e s  and t h a t  t h e  major s epa ra t ion  is between t h e  clean c o a l  and p y r i t e .  The 
ash and BTU curves are very s i m i l a r ,  except f o r  a s l i g h t  d i f f e r e n c e  i n  s lopes ,  show- 
ing  t h a t  t h e r e  i s  a nea r  cons t an t  i nhe ren t  a sh  i n  t h e  c o a l  f o r  t h e  d i scha rge  pro- 
duc t s  "A" through "H". The p y r i t e  curve is q u i t e  d i f f e r e n t  i n  shape and shows small 
amounts of p y r i t e  i n  d i scha rge  products  "A" through "D", i nc reas ing  amounts i n  "E" 
t o  "J", and s u b s t a n t i a l  q u a n t i t i e s  i n  "K". 
f o r  t h i s  p a r t i c u l a r  s epa ra t ion .  In  t h e  f i r s t  zone, d i scha rge  products  "A" through 
"D", t h e  c o a l  has  a minimum ash  and p y r i t e  content .  In  t h e  second zone, d i scha rge  
products  "D" t o  "H", t h e  c o a l  con ta ins  a minimum of a sh ,  b u t  has an inc reas ing  

The "retreatment" can be  recycled through t h e  same 

Bituminous. This  c o a l  i s  t h e  product from a p repa ra t ion  p l a n t ,  and the re fo re ,  

There a r e  fou r  zonal types of discharge 
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p y r i t e  con ten t .  
p y r i t e  con ten t  p rogres s ive ly  inc rease  i n  t h e  coa l .  In t h e  f o u r t h  zone, d i scha rge  
product "K", t h e  coa l  i s  highest  i n b o t h  a sh  and p y r i t e ,  and con ta ins  a l l  t h e  m i s -  
placed "sink" m a t e r i a l  from t h e  wet washing process .  

The s p e c i f i c  g r a v i t y  d i f f e r e n c e  between t h e  f i r s t  and second zones is q u i t e  s m a l l ,  
so t h e  sepa ra t ion  is most l i k e l y  caused by t h e  o t h e r  phys i ca l  p r o p e r t i e s  of t h e  par- 
t i c l e s .  Since t h e  a sh  d i f f e r e n c e  is a l s o  small, i t  is assumed t h a t  t h e  presence of 
t h e  p y r i t e  is r e l a t e d  t o  t h e  physical  p rope r ty  d i f f e r e n c e s  which t h e  Dry Table  can 
d i s t i n g u i s h  f o r  s epa ra t ion  purposes.  The suggested method of processing i s  t o  co l -  
l e c t  t h e  d i scha rge  from d i scha rge  products  "A" t o  "H" a s  a c l ean  c o a l  product  and 
"I" t o  "K" f o r  r e t r ea tmen t .  

In t h e  t h i r d  zone, discharge products  "I" through "J", t h e  a s h  and 

Product Retreatment 

Y i e l t ,  % 75 25 
BTU/lb 13,750 12,606 
Ash, % 7.5 17.5 
P y r i t i c  s u l f u r ,  % 0 .22  1.08 

For t h i s  c o a l  sample t h e  "retreatment" d i scha rge  should not  be  processed a s  a 
second pass  on t h e  Dry Table because l i t t l e  b e n e f i t  would be r e a l i z e d  i n  ash and 
p y r i t e  reduct ion.  The b e s t  approach would be t h e  r ecyc l ing  of t h i s  m a t e r i a l  t o  
t h e  w e t  p repa ra t ion  p l a n t  a f t e r  crushing.  

CONCLUSION 
The Dry Table can reduce t h e  s u l f u r  content  i n  a c o a l  through p y r i t e  removal. The 

ex ten t  of t h e  coa l -py r i t e  s epa ra t ion  w i l l  be  a func t ion  of p y r i t e  l i b e r a t i o n  and 
t h e  phys ica l  property d i f f e r e n c e s  between t h e  f r e e  flowing coa l  and p y r i t e  p a r t i c l e s .  
However, t h e r e  a r e  c a s e s  where even coa l  con ta in ing  un l ibe ra t ed  p y r i t e  can be  sep- 
a ra t ed  i n t o  c o a l  products  of low and high p y r i t i c  s u l f u r  contents .  

s i m i l a r  t o  t h a t  of a Baum J i g .  
i ng  c o a l  c l ean ing  equipment. 
water i s  r e s t r i c t e d  due t o  l imi t ed  supply,  f r eez ing ,  or c o s t l y  t reatment  p r i o r  t o  
discharge o r  reuse.  

The Dry Table is b = s t  employed a s  a rougher,  i t  has  a s epa ra t ion  performance 

And it is e s p e c i a l l y  a p p l i c a b l e  where t h e  u s e  of 
It can be used a lone  o r  i n  conjunct ion w i t h  e x i s t -  
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CMC FIGURE 1 

DRY TABLE PRINCIPLE; SCHEMATIC VIEW 
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GRAPH I - DRY TABLE DISCHARGE DISTRIBUTION 
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